To study the mechanism of the proposed assimilation of cholesterol, we cultured various strains of LactobaciUlus acidophilus and a Bifidobacterium sp. in the presence of cholesterol and oxgall. During culturing, both cholesterol and bile salts were precipitated. Because of bacterial bile salt deconjugation, no conjugated bile salts were observed in either the culture fluids or the pellets. During incubation, the cell count and optical density decreased. The degree of precipitation of bile salts and of cholesterol was dependent on the culture conditions. If L. acidophilus RP32 was cultured under acidifying conditions, the degree of precipitation of deconjugated bile salts was higher than if the pH was maintained at 6.0. Under acidifying conditions, cholesterol was coprecipitated with the bile salts, whereas in pH-controlled cultures, no coprecipitation of cholesterol was observed. From control experiments with different mixtures of bile salts, it appeared that coprecipitation of cholesterol during culturing was a result of formation of deconjugated bile salts, which have a decreased solubility at pH values lower than 6.0. It is concluded that the removal of cholesterol from the culture medium by L. acidophilus RP32 and other species is not due to bacterial uptake of cholesterol, but results from bacterial bile salt-deconjugating activity.
Lactobacillus acidophilus and Bifidobacterium species are frequently associated with health-promoting effects in the human and animal intestinal tract. For this reason, there is increasing interest in the incorporation of these species in fermented milk products. These so-called probiotic effects are generally related to inhibition of pathogenic species (5, 6, 10, 12) , reducing the risk of colon cancer (5, 6, 10, 12) , increasing the immune response (14, 18) , and decreasing serum cholesterol level (5, 7, 9) . Gilliland et al. (7) have suggested that the hypocholesteremic effect of L. acidophilus is due to the capacity of bile-resistant strains to assimilate cholesterol. In in vitro experiments, a decrease of the cholesterol level was observed in culture supernatants of L. acidophilus incubated in the presence of bile salts (7) . At the same time, an increase in the cholesterol level of the cell pellet was observed. Gilliland et al. (7) referred to this phenomenon as cholesterol assimilation (or uptake) by the cells. Presently, the cholesterol assimilation model is frequently used to explain in vivo hypocholesteremic effects and is considered a relevant property of potentially probiotic species.
However, the experimental setup used to prove the cholesterol assimilation theory did not take into account the effects of bacterial deconjugation of bile salts. Deconjugated bile salts have a greatly reduced solubility, which in turn affects the solubility of cholesterol (16) . Therefore, we hypothesize that the assumed cholesterol assimilation may not be the result of uptake by L. acidophilus or other bacterial cells, but rather may be due to the coprecipitation of cholesterol with deconjugated bile salts. This paper addresses the in vitro experimental evidence on the role of bile salt deconjugation by lactobacilli and bifidobacteria in relation to cholesterol assimilation. Measurement of bacterial growth. Bacterial growth was monitored by measuring the culture optical density (OD) at 460 nm by the method described in reference 11 and by determining the colony counts on MRS agar (Merck) after 2 days of anaerobic incubation (BBL GasPak; Becton Dickinson, Cockeysville, Md.) at 37°C.
Bile salt and cholesterol analyses. A 5-ml sample of culture was centrifuged (10 min, 10,000 x g). Supernatants were used directly for analyses, and the pellets first were resuspended in 5 ml of demineralized water. The concentration of cholesterol in supernatants and petroleum-ether extracts (1) of the pellets was determined enzymatically with the CHOD-PAP kit (Monotest Cholesterin; Boehringer GmbH, Mannheim, Germany). The total bile salt concentration (conjugated plus deconjugated bile salts) was assayed enzymatically with the Sterognost-3a Flu kit (Nyegaard Diagnostics, Oslo, Norway). Analysis of individual bile salts was performed by high-pressure liquid chromatography (HPLC) as described by Dekker et al. (3) . From the data obtained from the analyses, the relative amount of deconjugated bile salts and the relative amount of precipitated cholesterol and bile salts in the pellets were calculated.
RESULTS
Bile salt and cholesterol precipitation by different strains. L. acidophilus RP32 was cultured under acidifying conditions in MRS medium plus oxgall, exactly as described in reference 7. The effect on precipitation of cholesterol and bile salts is shown in Table 1 . Cholesterol and bile salts were significantly precipitated by L. acidophilus RP32. The recovery of cholesterol in supematants plus pellets was identical (102% + 6%) to its total concentration, which indicates that precipitated cholesterol is not metabolized. Cultures which were grown in the presence of PPLO gave very similar results (data not shown). Bile salts were also completely recovered from the supernatants and pellets.
Analysis of the individual bile salts by HPLC showed that only deconjugated bile salts were present after incubation, whereas before incubation more than 97% of the bile salts were conjugated. This effect is demonstrated in Fig. 1 All strains which showed deconjugation of bile salts showed low biomass concentrations after incubation in the presence of oxgall compared with the amount of biomass obtained in MRS medium without oxgall ( Table 2) .
Influence of culture conditions on bile salt and cholesterol precipitation. To monitor deconjugation of bile salts and precipitation of bile salts and cholesterol during the course of incubation, we performed additional fermentation experiments with L. acidophilus RP32, under both acidifying conditions and pH-controlled (pH 6.0) conditions. The results on biomass and on bile salt deconjugation and precipitation are shown in Fig. 2 and 3 , respectively. During incubation, complete deconjugation of bile salts was observed under both acidifying and pH-controlled conditions. Significant precipitation of bile salts was only observed after deconjugation had occurred. In parallel with bile salt precipitation, a decrease in biomass was found. The degree of precipitation of bile salts was higher under acidifying conditions than during pH-controlled incubation (i.e., approximately 50% versus 30%). Under the acidifying conditions, about 50% of the cholesterol was found in the pellet factions. In contrast, no cholesterol was found in the pellets throughout the entire incubation period under pH-controlled conditions. Similar experiments, with and without pH control, were performed with the bile salt-deconjugating strain B. bifidum MUH80. The results with this strain were similar to those described for L. acidophilus RP32 (data not shown).
Influence of pH on solubility of bile salt and cholesterol mixtures. To study the influence of pH on the degree of precipitation of bile salts and cholesterol, we performed experiments in the absence of bacterial cells. Oxgall, consisting of over 97% conjugated bile salts, together with cholesterol was added to MRS with pH values ranging from 4.0 to 7.0. Also, mixtures of bile salts were composed corresponding to those present in oxgall but in either conjugated or deconjugated form and used in a similar way. Precipitation of deconjugated bile salts and of cholesterol was clearly dependent on the pH of the medium (Fig. 4) . No precipitation of bile salts and cholesterol was observed over this pH range for oxgall or for the mixture of conjugated bile salts. Precipitation of bile salts occurred in the mixture of deconjugated bile salts at pH values lower than 6.0. Simultaneously, precipitation of cholesterol in this latter mixture only occurred at pH values lower than 5.5. 
DISCUSSION
A high level of serum cholesterol in humans is generally considered to be a risk factor for coronary heart disease (13). Much interest now exists to find ways to decrease the levels of serum cholesterol. Some reports have suggested the possibility of decreasing the serum cholesterol levels after ingestion of L. acidophilus (5) (6) (7) 9) . In the studies of Gilliland et al. (7), the mechanism by which the in vivo serum cholesterol level was lowered after pigs were fed with L. acidophilus was explained by a direct action of L. acidophilus on cholesterol which was found under in vitro conditions.
The experimental results presented here confirm the experiments of Gilliland et al. (7), in that cholesterol was partially removed from the medium after culturing of L. acidophilus RP32 in the presence of oxgall as the source of bile salts. This phenomenon was explained by these researchers to be due to uptake by L. acidophilus and is therefore referred to as cholesterol assimilation in subsequent publications (5, 10, 15) . However, Gilliland et al. (7) did not investigate the fate of bile salts during incubation, but stated that the removal of cholesterol was in some way related to bile salt resistance. From our results, it is clear that precipitation of bile salts occurred during incubation. Moreover, bile salts in the pellets as well as in the supernatants after culturing were only present in the deconjugated form. Bile salt deconjugation has been reported earlier for lactobacilli (2, 8) . We also found the presence of this property in some other strains tested (L. acidophilus MUH41, L. acidophilus MUH79, and B. bifidum MUH80) along with precipitation of cholesterol. The nondeconjugating strains L. acidophilus CH1 and L. casei MUH117 did not show precipitation of bile salts or precipitation of cholesterol. The precipitation of cholesterol in culture fluids appears to be related to deconjugation of bile salts and their subsequent precipitation at low pH. This is supported by the results of experiments in which deconjugation and precipitation of bile salts and precipitation of cholesterol were compared under acidifying and under pH-controlled culture conditions. Under both conditions, complete deconjugation of bile salts occurred, but the degree of precipitation of deconjugated bile salts was lower for pH-controlled cultures than for acidifying cultures. Cholesterol precipitated under acidifying conditions, but not under pH-controlled conditions. The solubility of cholesterol is clearly dependent on the solubility of bile salts. This is in agreement with earlier observations on the bile salt dependency of cholesterol solubility (16) . Further support for the coprecipitation hypothesis is obtained from the observation that a considerable loss of biomass occurs especially during incubation under acidifying conditions, which indicates that the precipitation of cholesterol is not a direct result of metabolic activity of the bacteria. conjugated or nonconjugated form provided additional proof for coprecipitation of cholesterol, which occurred only in the presence of deconjugated bile salts at pH values lower than 6.0. On this basis, we conclude that, also in the absence of bacterial cells, cholesterol is precipitated as a result of reduced solubility of deconjugated bile salts. Thus, assimilation or uptake of cholesterol by bacterial cells is not required for this effect.
It remains unclear whether and how microbial bile deconjugation properties are related to the hypocholesteremic effects observed in vivo (7), especially since the physiological pH in the intestinal tract of humans is usually neutral to alkaline (4). Moreover, deconjugation can potentially result in the formation of cytotoxic secondary bile salts (17) . Therefore, the net effect of such properties on health cannot be predicted satisfactorily.
